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Fuel limiting method and apparatus for an internal combustion vehicle.

A method and apparatus (10) for limiting the
fuel to an internal combustion engine to reduce
emissions of the engine (12). Means responsive
to one or more operating conditions of the
engine are provided for adjustably setting the
maximum open position of a throttle of the
engine so as to reduce and limit the maximum
fuel volume flow rate to the engine. The operat-
ing conditions include the fuel flow rate called
for by an accelerator, the condition of the trans-
mission of a vehicle in which the engine (12) is
installed, the slope or incline on which the
vehicle is located, the vehicle speed, and the
speed and direction of any wind.

Jouve, 18, rue Saint-Denis, 75001 PARIS
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The invention relates to a fuel limiting apparatus
for an internal combustion vehicle and, more specifi-
cally, to an apparatus used to modify an internal com-
bustion vehicle so that the maximum rate of fuel sup-
plied to the engine is restricted according to a prese-
lected schedule dependent upon the speed of the ve-
hicle, the gear state of the transmission, or other op-
erating conditions.

In the manufacture of internal combustion vehi-
cles, the engines are typically sized to provide power
to meet the maximum requirements of the particular
application and design constraints of the vehicle. Op-
erating conditions of the vehicle, however, vary over
a wide range of power demands, particularly when
considerations are made for fuel economy and reduc-
tion of polluting emissions from the vehicle. For exam-
ple, as is well known, substantial amounts of fuel are
wasted by full acceleration starts wherein the engine
is over-fuelled under the transient conditions. It is just
being understood and appreciated that such full ac-
celeration starts also result in substantial increases of
emissions from the engine, particularly in the form of
hydrocarbons and particulates. In an over-fuel condi-
tion, the engine is unable to burn fully all of the fuel
with the result that uncombusted hydrocarbons are
emitted. Such conditions also reduce the temperature
of the combustion chamber which leads to an in-
crease in the formation of particulate emissions.

The use of the full capacity of the engine power,
particularly for high acceleration at low speeds, pro-
duces excessive stresses on the engine, the drive
train of the vehicle, the suspension, and other compo-
nents. While these effects have been long recognized
and discouraged both by public agencies as well as
private fleet owners, there has been heretofore no
suitable way of forcing compliance with the recom-
mended guidelines.

It is an object of the invention to provide an appa-
ratus for restricting the maximum rate of fuel to an in-
ternal combustion engine which results in increased
fuel efficiency and reduced emissions.

Other objects of the invention will become appa-
rent from the following description of the invention and
preferred embodiments thereof.

The present invention is defined in the appended
claims and in one aspect may provide an apparatus
for modifying an internal combustion vehicle to restrict
the maximum flow rate of fuel to the engine according
to a preselected schedule that is dependent on the
speed of the vehicle.

In such an apparatus the schedule may be sub-
stantially continuous with changes in vehicle speed.
In addition, the schedule may change the maximum
rate of flow of fuel to the engine in discrete steps that
increase as the speed of the vehicle increases.

Possibly, the maximum rate of fuel to the engine
may be restricted to a preselected value for each gear
being used by the vehicle.
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Possibly, the fuel rate restricting apparatus per-
mits limitations on the power available from an engine
to be preselected, said limitations, preferably being
outside the control of the operator of the vehicle.

Possibly the apparatus for restricting the maxi-
mum rate of fuel to an internal combustion engine
wherein the fumigation of hydrous alcohol fuel into the
intake manifold of the engine atleast partially restores
the decrease in engine power.

In more detail, the invention may consist of an ap-
paratus for modifying an internal combustion vehicle
so that the maximum rate of fuel supplied to the en-
gine is limited to a preselected schedule that is deter-
mined according to the speed, condition of the vehicle
transmission and/or acceleration conditions of the ve-
hicle. The invention can take a number of specific
forms corresponding to the particular internal com-
bustion engine and vehicle on which it will be prac-
tised. For example, with engines having sophisticated
electronic control apparatus, the present invention
would consist of a plurality of sensors attached to a
central processing unit which is interconnected with
and controls the electronic control apparatus of the in-
ternal combustion engine. Such sensors would detect
and provide information to the cenfral processing unit
regarding the speed of the vehicle, the condition of the
transmission of the vehicle, the attitude of the vehicle
(whether it is on an up hill or down hill incline), any
headwind conditions, and the position of the acceler-
ator pedal that is ordinarily used to determine the de-
mand for fuel to be supplied to the engine. The central
processing unit would compare the conditions detect-
ed by the sensor with the preselected schedule of fuel
rate that had previously been stored in a memory de-
vice. If the rate of fuel supply being demanded by the
accelerator exceeded that of the schedule, the central
processing unit would send a signal to the electronic
control apparatus of the engine to restrict the rate of
fuel being supplied to the engine to the preselected
schedule amount.

In an alternative embodiment applicable to inter-
nal combustions which have mechanical means for
controlling the rate of fuel supplied to the engine, the
central processing unit controls a stepper motor which
moves an adjustable stop for the fuel rate supply ap-
paratus of the engine again to restrict the maximum
rate of fuel to that of the preselected schedule.

In a third, less sophisticated embodiment, a plur-
ality of linear actuators are used to adjust a stop for
the fuel rate control apparatus of the engine. The ac-
tuators are adjusted to move the stop to a preselected
position for each of the gears of the transmission of
the vehicle. Accordingly, the maximum rate of flow of
fuel that will be supplied to the engine when the vehi-
cle is in the first or lowest gear of the transmission is
set by the first linear actuator. A second, somewhat
higher maximum amount of fuel rate is set to a prese-
lected amount by movement of the stop by the second
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linear actuator, and so on for each of the higher gears.

With respect to each of the embodiments, the
power lost due to limiting of the primary fuel of the en-
gine can be partially compensated by the addition of
a hydrous alcohol fuel into the intake manifold of the
engine.

The invention will now be described in greater de-
tail, by way of example, with reference to the accom-
panying drawings, in which:-

Figure 1 is a partial plan view of an internal com-

bustion engine which has been modified by the

apparatus of the present invention;

Figure 2 is an enlarged detail view of the fuel rate

restricting apparatus of Figure 1;

Figure 3 is a side view corresponding to Figure 2

with a part of the governor control box broken

away to show parts interior of the governor con-
trol;

Figures 4 to 6 are reduced scale plan views of the

apparatus shown in three different conditions cor-

responding to the settings for the three gears of
the transmission of the vehicle;

Figure 7 is a plan view of the governor control box

with parts broken away to show interior parts of

the governor control;

Figure 8 is a plan view of another alternative em-

bodiment wherein the maximum fuel rate of the

mechanical fuel rate control apparatus of the en-
gine is adjusted by a stepper motor;

Figure 9 is a graphical representation of vehicle

acceleration versus time for a vehicle unmodified

and as modified by an embodiment of the present
invention;

Figure 10 is a graphical representation of vehicle

speed versus time for a vehicle unmodified and

as modified by an embodiment of the present in-
vention;

Figure 11 is a graphical representation of smoke

opacity versus time for a vehicle unmodified and

as modified by an embodiment of the present in-
vention; and

Figures 12a and 12b are graphical representa-

tions of smoke opacity versus time for a vehicle

unmodified and as modified by an embodiment of
the present invention wherein the vehicles are
driven over identical routes.

Detailed Description of a Preferred Embodiment

lllustrated in Figure 1, generally at 10, is a fuel
rate limiting apparatus of the present invention shown
attached to an internal combustion engine 12 of a ve-
hicle. A throttle apparatus 14 is mounted atop a gov-
ernor control box 16. A pair of connecting rods 18a
and 18b extend in opposite directions from either side
of the governor control box 16 to where they are piv-
otally attached at the outer end portion thereof to one
of a pair of fuel injector adjustment racks 20a and 20b.
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Axial movement of the connecting rods 18 will thereby
adjust the rate of fuel that will flow through a plurality
of fuel injectors 22a-h for supply to the internal com-
bustion engine 12.

The vehicle includes a foot-operated accelerator
(not shown) of the usual type. Rather than being con-
nected by a mechanical linkage to the throttle appa-
ratus 14, the accelerator operates an air pressure
sending unit which is connected to the throttle appa-
ratus 14 by an air line 24. The pressure in the air line
24 (from 0 to 60 psi) causes a piston 26 of a valve unit
28 to be extended orretracted in response to changes
in position of the foot accelerator. Extension and re-
traction of the piston 26 pivots a speed control lever
30 about its pivotal mount 32 atop the governor con-
trol box 16.

The governor control box 16 includes a top plate
34 on which is mounted the valve unit 28 and the
speed control lever 30. Also mounted on the top plate
34 is a stop lever 36, the function of which will be de-
scribed below. The stop lever 36 is mounted for pivo-
tal movement on a vertical shaft which extends
through the top plate 34. A return spring 38 received
about the vertical shaft of the stop lever 36 below the
top plate 34 biases the stop lever to its off or idle pos-
ition. The pivotal mount 32 of the speed control lever
30 also extends through the top plate 34 and has at-
tached to its bottom end portion a horizontally extend-
ed lever arm 40, the free end portion of which will be
moved in an arc by pivotal movement of the pivotal
mount 32 at the speed control lever 30.

A main operating shaft 42 is mounted for pivotal
movement about a vertical axis inside the governor
control box 16. Attached to the upper end portion of
the operating shaft 42 is an operating shaft lever 44
having a pair of lever arms, stop arm 46 and throttle
arm 48. A differential lever 50 is pivotally mounted on
the free end portion of the the throttle arm 48. The dif-
ferential lever 50 includes a throttle linkage arm 52
that has a slotted or U-shaped end portion within
which is received a connecting member 54 which de-
pends from the horizontally extended lever arm 40.
The differential lever 50 also includes a connecting
bar arm 56 that will be pivoted together with the throt-
tle linkage arm 52 by movement of the speed control
lever 30 as described above. A connecting bar 59 is
attached to the free end portion of the connecting bar
arm 56 by a pivotal mount 58 such that pivotal move-
ment of the differential lever 50 will cause axial move-
ment of the connecting bar 59.

A throttle arm 61 is mounted for pivotal movement
about a fixed axis at 63. One end portion 65 of the the
throttle arm 61 is pivotally attached to the end of the
connecting bar 59 opposite the connecting bar arm
56. Accordingly, depression of the accelerator pedal
will result in counterclockwise pivotal motion of the
throttle arm 61. The connecting rod 18b is attached to
the end portion 65 of the throttle arm 61 and the other
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connecting rod 18a is attached to the other end por-
tion 67 of the throttle arm 61, with the result. that the
throttle arm 61 adjusts the volume rate of fuel flowing
to the engine. The pivot rod 63 extends upwardly
through the top plate 34 and is secured to and mounts
for pivotal movement the stop lever 36. If the stop lev-
er 36 is constrained against movement, the throttle
arm 61 will also be constrained so that no further ad-
justment of the volume rate of fuel can be made.

Included in the governor control box is a governor
weight assembly 60 mounted on a horizontal weight
shaft 62 which is rotated at a speed corresponding to
the speed of the engine. The governor acts in asso-
ciation with the operating shaft and stop arm 46 to pro-
vide a limit on the degree of motion of the connecting
bar arm 56 in the usual manner by engagement of the
connecting bar arm 56 with an adjusting screw 64
mounted on the free end portion of the stop arm 46.

The top plate 34 of the governor control box 16 or-
dinarily supports an adjustable stop which defines the
maximum open position for the stop lever 36 and ac-
cordingly the maximum fuel rate flow to the engine 12.
According to the present invention, an adjustable stop
is provided which is adjustable in response to a pre-
selected schedule so as to adjust the maximum flow
rate of fuel to the engine 12 in conformance with one
or more desired parameters. The apparatus for pro-
viding an adjustable stop includes a central actuator
64 and aremote slave unit 66. The central actuator 64
is mounted at any position convenient for the connec-
tion to the air line 24 from the foot accelerator pedal
and the remote slave unit 66 is positioned on the top
plate 34 of the governor control box 16 generally in the
area in which the fixed stop was located.

The central actuator 64, as illustrated in Figs. 1-
3, consists of a base plate 68 on which is mounted a
block 70, an air-actuated extensible and retractable
cylinder 72 and a first and second electrically control-
led air cylinder 74 and 76, respectively. A cable 78 in-
terconnects the remote slave unit 66 and the air cy-
linder 72 such that extension and retraction of an in-
tercoaxial cable portion 80 by the air cylinder 72 re-
sults in extension and retraction of a piston stop mem-
ber 82 of the remote slave unit 66. The outer coaxial
portion of the cable 78 is fixed to the block 70 and to
the outer housing of the remote slave unit 66.

Mounted in the block 70 and extended in the line
of action of the air cylinder 72 are a pair of threaded
stop members, first stop member 84 and second stop
member 86. The positions of the end portions of the
first and second stop members 84 and 86 are adjust-
able to a desired fixed position by a corresponding
lock nut 88a or 88b. As illustrated in Fig. 2, first stop
member 84 extends from the block 70 somewhat clos-
er to the air cylinder 72 than does second stop mem-
ber 86.

The first and second electrically controlled air cy-
linders 74 and 76 are pivotally mounted at 90 and 92,
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respectively, on the base plate 68 on either side of the
air cylinder 72. The free end of an extensible and re-
tractable piston 94 of the first electrically controlled air
cylinder 74 is pivotally attached to a first pivot block
96 mounted for pivotal movement at 98 on the base
plate 68. A roller 100 is mounted for rotational move-
ment on the first pivot block 96 in a similar fashion, the
free end portion of a piston 102 of the second electri-
cally controlled air cylinder 76 is pivotally mounted to
a second pivot block 104 which is pivotally mounted
at 106 to the base plate 68. The second pivot block
104 also supports for rotational movement a second
roller 108.

Each of the air cylinders 72-76 are connected to
the air line 24. The air cylinders 74 and 76 are also
connected by means of electrical cable 110 and 112,
respectively, to a transponder connected to the three-
speed transmission (not shown) of the vehicle. Ac-
cordingly, the air cylinder 72 extends and retracts in
response to the position of the accelerator pedal such
thatupon full extension, as illustrated in Fig. 4 wherein
a plate 114 attached to the free end portion of piston
abuts the block 70, corresponds to the minimum or
idle position of the accelerator pedal. In this position,
the intercoaxial cable 80 is at its maximum extended
position from the remote unit 66. As the accelerator
pedal is depressed, the linear actuator 72 will retract
the piston and plate 114 until it comes into contact
with either of the rollers 100 or 108. If the transmission
is in first gear, corresponding to Fig. 5, the first elec-
trically controlled air cylinder 74 will be extended until
the roller 100 comes into contact with the first stop
member 84. Contact of the plate member 114 with the
first roller 100 will stop retraction of the air cylinder 72
whether or not the foot accelerator pedal has been de-
pressed beyond that corresponding location. This will
result in retraction of the intercoaxial cable 80 so as
to permit additional counterclockwise movement of
the stop lever 36.

If instead the transmission of the vehicle is in sec-
ond gear, the first electrically controlled air cylinder 74
will be retracted and the second electrically controlled
air cylinder 76 will be extended until the roller 108
comes into contact with the second stop member 86,
as illustrated in Fig. 6. In this condition, depression of
the foot accelerator will retract the air cylinder 72 until
the plate 114 comes into contact with the roller 108.
As before, the extension of the intercoaxial cable 80
beyond the remote slave unit 66 will be adjusted to
provide a stop position for the stop lever 36.

Finally, if the transmission of the vehicle is in the
third gear, both electrically controlled air cylinders 74
and 76 will be fully retracted, as illustrated in Fig. 4,
so that full depression of the accelerator pedal will al-
low retraction of the air cylinder 72 until the plate
member 114 comes into contact with the rollers 100
and 108. The central actuator has been constructed
and adjusted so that this position allows the full rate



7 EP 0 510 886 A1 8

of fuel delivery to the engine as was permitted by the
unmodified engine.

The present invention is advantageously em-
ployed on an internal combustion engine modified as
described in United States Patent No. 4,958,598
which is incorporated herein by this reference. The
'598 patent teaches the use of a low proof hydrous al-
cohol fuel used to supplement the primary fuel of the
engine. The Figures 9-12 represent graphically data
taken from a General Motors RTS 30-foot bus having
a 8V71 Detroit Diesel non-turbocharged engine modi-
fied with the apparatus of the present invention as dis-
closed in Figs. 1-6 of this application and the appara-
tus of the '598 patent. The modified bus was tested for
acceleration and smoke opacity over typical urban
route conditions and these data are compared with
data taken from the unmodified bus under identical
conditions.

As an alternative embodiment, a stepper motor
120 is mounted on the top plate 34 of the governor
control box 16 (Fig. 8). The stepper motor 120 has a
screw 122 that is extensible and retractable in fine, ex-
act and reproducible increments. The end 124 of the
screw 122 serves as a stop for the stop lever 36 in the
same fashion as did the end of the cable 80 (Figs. 2,
4-8) in the first embodiment. The stepper motor 120
is electrically controlled and may be conveniently op-
erated by a microprocessor that is connected to a
plurality of tranducers for sensing various operating
conditions, such as vehicle velocity, pitch or incline of
the vehicle, and wind direction and speed. A potenti-
ometer adjusted by the accelerator pedal is also con-
nected to the microprocessor. The stepper motor 120
is capable of adjusting the position of the stop lever
36 in approximately 500 substantially equally spaced
divisions to permit a much greater degree of flexibility
in the limiting of maximum fuel flow rate to the engine
under a plurality of operating conditions.

In Fig. 9, acceleration of the two vehicles over
time is represented, showing that some decrease in
acceleration was experienced. This decrease, how-
ever, was not so noticeable as to be the subject of
negative comment by the drivers of the vehicles.

Velocity of the two vehicles over time is illustrated
in Fig. 10. Again, some reduction in performance was
observed, i.e., a reduction in average speed (over a
distance of 1452 feet with an average grade of 1.55
percent) of from 26.5 m.p.h. to 23.5 m.p.h. However,
a primary fuel savings of 17.2 percent was realized.

The opacity of exhaust emitted by the two vehi-
cles was measured over the acceleration sequence of
Fig. 9 by using a Celisco opacity meter, model 200, as
shown in Fig. 11. The modified vehicle had substan-
tially reduced opacity of the emission particularly dur-
ing the early stages of the acceleration sequence.
Smoke opacity measurements over a typical urban
route of the unmodified vehicle (Fig. 12a) and the
modified vehicle (Fig. 12b) were measured. The re-
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duction in emission opacity is marked.

Claims

1. Fuel limiting apparatus (10) for an internal com-
bustion engine (12) including throttle means (14)
through which fuel is supplied to the engine con-
trolled by an accelerator, comprising means
(64,66) for limiting the maximum fuel flow rate
through the throttle means (14) called for by the
accelerator, thereby to reduce the maximum pow-
er output of the engine (12)

2. Fuel limiting apparatus (10) as defined in claim 1,
wherein the engine (12) is installed in a vehicle
having a transmission and further comprising
means for sensing the state of the transmission
and means (72,74,76) for adjusting said maxi-
mum fuel flow rate dependent on the state of the
transmission.

3. Fuel limiting apparatus (10) as defined in any pre-
ceding claim, wherein the engine (12) is installed
in a vehicle and further comprising means for
sensing the acceleration of the vehicle and
wherein said maximum fuel flow rate is adjusted
in response to a vehicle acceleration according to
a preselected schedule.

4. Fuel limiting apparatus (10) as defined in any pre-
ceding claim, wherein said maximum fuel flow
rate results in a decrease in emissions from said
engine (12).

5. Fuel limiting apparatus (10) as defined in any pre-
ceding claim, wherein the engine (12) is installed
in a vehicle and further comprising means for
sensing the incline of the vehicle and wherein
said maximum fuel flow rate is adjusted in re-
sponse to vehicle acceleration according to a pre-
selected schedule.

6. A method for limiting the fuel to an internal com-
bustion engine (12) including throttle means (14)
through which fuel is supplied to the engine (12)
and an accelerator for controlling the throttle
means (14), comprising the step of limiting the
maximum fuel flow rate through the throttle
means (14) called for by the accelerator, thereby
to reduce the maximum power output of the en-
gine (12).
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